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Instrument and measurement
Grating spectrometer
looking at Earth’s
surface in 3 wavelengths

Measure O2 & CO2 spectra
8 cross-track footprints

Quantify variations in
column averaged CO2
dry air mole fraction, XCO2
Monthly aggregated

758-772 nm
1594-1619 nm
2045-2081 nm

Monthly aggregated

Slide

3

OCO-2 sample spectra and continuum radiance
• Panel (a) for O2 A-band
• Panel (b) for weak CO2
• Panel (c) for strong CO2
• The grating of each band
disperses light onto 1016
spectral channels of a focal
plane array
• The black horizontal line is
the average of the 10 largest
radiance values, which is
used to estimate the
continuum signal.
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OCO-2 and OCO-3 characteristics
Sensor

OCO-2

OCO-3

Launch

July 2014

May 2019

1:36 pm (local)

Varies

A-train

ISS

705

408, varies

~10 km

13 km

Equator crossing time
Orbit
Altitude (km)
Swath at nadir
Spatial resolution
Bands (µm)

Spectral resolution (nm)

~1.3 km x 2.3 km at nadir
O2 A-band: 0.7576–0.7726,
Weak CO2: 1.5906–1.6218,
Strong CO2: 2.0431–2.0834
B1=0.04, B2=0.08, B3=0.1

OCO-3 has a wider FOV than OCO-2, with swath and spatial resolution similar to OCO-2.

Slide

5

How is Radiometric Degradation Derived?
•

Absolute radiometric requirement: ≤5% accuracy

•

Onboard lamps provide a spectrally smooth source that is essential to correct
column-by-column artifacts, but the absolute scale is not well constrained
because lamps age

•

Secondary sources such as solar diffusion or other lamps also age

OCO-2
B10

OCO-3
B10

Discussed in this talk: Vicarious, OCO-2/MODIS, OCO-3/OCO-2
Slide

6

Six years of Vicarious calibration of OCO-2 at RRV
• Accuracies in OCO-2 VicCal
results are dependent on test
site and path, due to view
angle differences.
• <4% accuracy for Path 138 with
near-nadir viewing geometry
• <5% accuracy for Paths 137 and
139
• >10% accuracy for Path 136 due
to hotspot view angle, may be
reduced using MISR BRF surface
products
Bruegge, Carol J., et al. (2019). Vicarious Calibration of
Orbiting Carbon Observatory-2, IEEE Trans. Geosci.
Remote Sens., 57, 5136
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Railroad Valley 2020 cross comparison campaign
with site visit on July 4-5
OCO-2 Obs: 6/26, 6/28, 7/5, 7/7
OCO-3 Obs: 6/26, 6/30, 7/4
9 GOSAT, 6 GOSAT-2, 3 MISR
TROPOMI daily

C Bruegge, Z Small, July 4, 2020

•

OCO-2 results have excellent agreement with
Build 10: 1.000, 1.028, 0.989

•

OCO-3 still in work, with geolocation still under
development

•

Off-nadir correction currently using MODIS but
exploring other sensors (MISR)

Bruegge, Carol J., et al. (2019). Bi-Directional Reflectance
Factor Determination of the Railroad Valley Playa. Remote
Sens. 11, 2601
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New target mode of OCO-3
Green: OCO-3 7/4; Black: OCO-2 7/5

• While OCO-2 dithers across a
large area, the OCO-3 swath
covers nearly the same track
several times.
• Multiple obs. will allow
 Select soundings with lowest
uncertainty due to view angle
 For sensor cross comparison,
provides best samples for colocations
 Compare overlapping
soundings from different spatial
footprints

OCO-3 July 4
OCO-2 July 5

Slide

9

OCO-2/MODIS comparison over 8 desert sites
• Find clear sky OCO-2 nadir
soundings within the site
• Match MODIS observations
(temporal and spatial matches
only)
• Calculate ratio of (OCO-2
continuum radiance) over
(MODIS radiance)
• Take mean ratio within each
orbit
• Perform linear regression of
mean ratio vs time to
determine temporal stability of
OCO-2
Yu et al. (2020), Stability Assessment of OCO-2 Radiometric Calibration Using Aqua MODIS as a
Reference, Remote Sens., 12, 1269.
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OCO-2/MODIS comparison over 8 desert sites
B1 VS. (B1+B2)/2

B2 VS. B6

B3 VS. B7
•

OCO-2 obs. in nadir

•

MODIS obs. with a sensor
viewing zenith of 15±5o

•

MODIS obs. 7 minutes later

•

OCO-2 Build 8 results
consistent with the ones
using the lunar observations
 OCO-2 Band 1 drift:
-0.8±0.1% per year
 OCO-2 Band 2 drift:
<0.1% per year
 OCO-2 Band 3 drift:
<0.3% per year

Gray trace is top of Atmosphere radiance simulated with MODTRAN
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OCO-3/OCO-2 simultaneous nadir observation
(SNO) comparison
•
•

Hundreds of SNOs, advantage of matching spectral bands
Currently difficult to match soundings due to OCO-3 geolocation still under development
 Will be improved in early 2021
 Magnitude of error depends on pointing mirror assembly azimuth/elevation
1413 possible daytime SNOs from OrbNav
<=10 minutes apart, between 2019-12-17 and 2020-08-31
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Conclusions
• OCO-2 has demonstrated that its current calibration approach, using
lamps, solar, lunar, meets and exceeds its radiometric calibration
requirements.
• OCO-2 absolute radiometric calibration has been validated by vicarious
calibration at Railroad Valley with demonstrated accuracy <5%.
• OCO-2 radiometric calibration stability has been validated by comparison to
MODIS
 For Build 8R, a drift of -0.8±0.1% per year obtained for B1, no measurable drift
seen for B2 & B3
 Consistent with lunar results
 An upward correction has been adopted for OCO-2 Band 1 in the OCO-2
version, Build 10R

• Uncertainty on OCO-3 VicCal and OCO-3/OCO-2 cross calibration to be
improved upon OCO-3 geolocation improvement in Early 2021.
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